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GAS-COOLED GENERATOR 
BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] This invention relates to a gas-cooled generator, in particular a generator 
forming part of a turboset. 

Brief Description of the Related Art 

[0002] Generators are known which comprise a rotor and stator with a gap between 
them. The stator comprises a core and windings which form a winding overhang at each 
end of the stator. The rotor has axially extending cooling channels communicating with 
end portions of the rotor beyond ends of the stator core and has radially extending 
cooling channels communicating between the axially extending cooling channels and the 
said gap. The stator core has cooling ducts communicating between the said gap and a 
region for receiving gaseous coolant outside the stator core; the generator further 
comprises cooling apparatus communicating with the said receiving region. 
[0003] In some known generators, the rotor, stator, and cooling apparatus are in an 
enclosure filled with the gaseous coolant, which is driven through the cooling apparatus 
by fans mounted on the ends of the rotor. From the cooling apparatus separate streams of 
gaseous coolant under pressure flow to the stator and to the rotor. In the stator the 
gaseous coolant flows radially inwards or outwards or alternately inwards and outwards. 
[0004] Such generators suffer from losses due to the driving of the fans and friction of 
the gaseous coolant. 

SUMMARY OF THE INVENTION 



[0005] The present invention provides a generator comprising a rotor and stator with a 
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gap between them, with baffles at the respective ends of the said gap, the rotor and stator 
being in a substantially hermetically sealed enclosure filled with a gaseous coolant at 
superatmospheric pressure, the stator comprising a core and windings which form a 
winding overhang at each end of the stator, wherein, when the generator is operating, 
gaseous coolant flows in a circuit from cooling apparatus past the winding overhangs, 
then through cooling channels in the rotor, then into the said gap, then through cooling 
ducts in the stator core into a coolant receiving region, and then through the cooling 
apparatus, the baffles both inhibiting escape of the gaseous coolant from the ends of the 
said gap and inhibiting entry of the gaseous coolant into the gap through its ends, the 
flow of gaseous coolant around the said cooling circuit being caused solely by the 
centrifugal force acting on the gaseous coolant in the cooling channels of the rotor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The invention will be described further, by way of example only, with 
reference to the accompanying drawings, in which: 

[0007] Figure 1 is a schematic axial section through a first embodiment of a generator 
according to the invention; 

[0008] Figure 2 is a partial transverse cross-section through the stator core of the 
generator; 

[0009] Figure 3 is a fragmentary perspective view of part of one end of the rotor of the 
generator; 

[001 0] Figure 4 is an elevation of a cooler used in the generator; and 

[001 1 ] Figure 5 is a schematic axial section through a second embodiment of the 

generator. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0012] Referring to the drawing figures, like reference numerals designate identical or 
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corresponding elements throughout the several figures. 

[0013] In the generator shown in Figures 1 to 4, a rotor 1 is mounted for rotation 
about an axis (in this example a horizontal axis), the rotor being rotated by a turbine (not 
shown) when the generator is operating. The rotor 1 includes a cylindrical body with 
axial slots containing conducting bars 15, the bent ends of which are contained in 
winding heads 2 at respective ends of the rotor 1 . The rotor 1 is surrounded by a stator 3, 
with a gap 4 between them. The stator 3 includes a core 6 made up of laminated core 
units and provided with radial ducts 5 which extend from the gap 4 to the outer 
circumferential surface of the core 6 and which are delimited by radial spacers 5a. 
[0014] The inner circumferential surface of the core 6 has axial slots 10 containing 
windings which form a winding overhang 7 at each end of the stator 3. The rotor 1 has 
axial channels 8, which communicate with the winding heads 2, and radial channels 9, 
which communicate between the bottom of the axial slots 10 and the gap 4 and are 
distributed over the whole length and circumferential extent of the rotor. The radial 
channels 9 intersect the axial channels 8. 

[001 5] In operation, when the rotor 1 is rotated rapidly, for example by a gas turbine, 
a steam turbine, or a helium expansion turbine, a gaseous coolant in the channels 8,9 and 
slots 10 of the rotor 1 is subjected to a considerable centrifugal force which drives the 
gaseous coolant out of the radial channels 9, into the gap 4 and thence into the radial 
ducts 5 of the stator 3. From the ducts 5 the gaseous coolant flows into a receiving region 
1 1 which surrounds the core 6 and is bounded by a substantially hermetic enclosure 13 
which surrounds the rotor 1 and stator 3 and is filled with the gaseous coolant, which is 
preferably under superatmospheric pressure. The enclosure 13 contains two annular 
coolers 12 comprising parallel pipes 20 in which a cooling fluid circulates. 
[0016] Thus the auto-ventilation effect of the rotor 1 causes the gaseous coolant to 
flow in the two symmetrical circuits that are indicated by arrows in Figure 1 . It is to be 
noted that solid arrows generally indicate cool gas at reduced pressure and broken arrows 
generally indicate warm gas at elevated pressure. Firstly, leaving the coolers 12 (in 
which the warm gas is cooled in a conventional way, by indirect heat exchange) the cold 
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gaseous coolant flows past the winding overhangs 7 of the stator 3; baffles 14 are 
arranged so that most or all of the coolant flows between the winding overhangs. 
Subsequently, the coolant is sucked into the axial channels 8 of the rotor 1 through the 
ends of the winding heads 2 and into the slots 10, under the windings. After having 
cooled the rotor 1, the coolant is blown from the radial channels 9 into the gap 4 and 
through the radial ducts 5. Thus the hot gaseous coolant reaches the receiving region 11, 
from which it passes again through the coolers 12. 

[0017] To inhibit escape of the gaseous coolant from the gap 4, baffles 16 are 
arranged at opposite ends of the gap 4. 

[0018] A preferred embodiment of the generator is shown in Figure 5. Only major 
differences from the first embodiment will be described, and similar parts are given the 
same reference numerals. The rotor 1 is mounted with its axis vertical, its lower end 
being supported by the output shaft 17 of the turbine (not shown) below, and its upper 
end being supported by a magnetic bearing 18. The upper end of the rotor, above the 
bearing 18, is connected to an exciter 19 supported by a frame 21. 
[0019] The gaseous coolant leaving the upper cooler 12 flows partly past the exciter 
19 and partly past the bearing 18. Part of the flow passes through the bearing 18 to the 
upper winding head 2 of the rotor 1, but most of the flow is conducted over the upper 
winding overhangs 7 before reaching the upper winding head 2. The circulation of the 
gaseous coolant is indicated in general terms by the arrows in Figure 5. 
[0020] By putting the maximum number of parts to be cooled in a serial arrangement 
the total gas flow rate can be reduced to a minimum value compatible with (a) the 
maximum temperatures allowed by the materials used, industry standards, and contract 
specifications and (b) avoiding the risk of unequal distribution of the flow through some 
parts of the generator, which may provoke insufficient heat transfer. Lowering the total 
gas flow rate can significantly reduce mechanical losses; this can be achieved by ensuring 
that the density and, hence, the heat capacity of the gaseous coolant are high enough to 
keep the temperature rise reasonable all along the cooling circuit. 
[002 1 ] The use of the rotor auto- ventilation effect, without any fan, also reduces 
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mechanical losses. 

[0022] In the embodiments described above the preferred gaseous coolant is pure 
helium. This gas has a very high specific heat capacity if the mean pressure in the 
enclosure 13 is high, for example of the order of tens of bars, typically 10 to 50 bar. 
Furthermore, a minimum pressure of, for example 10 to 20 bar is preferred, to keep the 
helium dielectric properties good enough to be compatible with conventional insulating 
distances Serial flow allows one to derive the greatest benefit from the use of helium. 
[0023] Various modifications may be made without departing from the scope of the 
invention. For example, another noble gas or, indeed, any suitable gas (e.g. nitrogen) or 
mixture of gases (e.g. air) providing sufficient cooling and dielectric properties may be 
used instead of helium. The coolers 12 may be of any convenient type and may be 
arranged at any convenient locations in the enclosure 13 to provide sufficient cooling. 
Instead of the coolers 12 in the enclosure 13, one or more coolers could be arranged 
outside the enclosure 13 and connected to the receiving region 1 1 and the end regions of 
the enclosure by suitable conduits. Although it is not preferred, fans could be provided to 
assist the flow of gaseous coolant through the cooler(s). Other rotor constructions than 
that illustrated in Figure 3 could of course be used. 



